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Abstract
· AIM:Toinvestigatewhetherphotoreceptornecroptosis
inducedbyz-VAD-FMK (pancaspaseinhibitor)was
involved the activation of autophagy and whether
Necrostatin-1,aspecificnecroptosisinhibitor,could
inhibitthisinductionofautophagyafterexperimental
retinaldetachment.
· METHODS:Experimentalretinaldetachmentmodels
werecreatedinSprague-Dawleyratsbysubretinal
injectionofsodiumhyaluronateandsubretinalinjections
ofz-VAD-FMK,vehicleorz-VAD-FMKplusNecrostatin-1.
Three days after retinal detachment, morphologic
changes were observed by transmission electron
microscopy.Inotheranimals,retinasweresubjectedto
immunoprecipitationandWesternBlotting,thenprobed
withanti-RIP1,phosphoserine,LC-3IIorcaspase8
antibody.
· RESULTS:Itwasprovedbyimmunoprecipitationand
westernblotting,thatphotoreceptornecroptosiswas
mediated by caspase-8 inhibition and receptor
interacting protein kinase (RIP1) phosphorylation
activation. Transmission electron microscope and
westernblottingresultsindicatedthatphotoreceptor
necroptosis was involved the LC-3II and
autophagosomes induction. We also discovered
Necrostatin-1couldinhibitRIP1phosphorylationand
LC-3IIinduction.
· CONCLUSION:Thesedatafirstlyindicatephotoreceptor
necroptosis is associated with the activation of
autophagy.Necrostatin-1protectsphotoreceptorsfrom
necroptosisandautophagybydown-regulationofRIP1
phosphorylationandLC-3II.
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INTRODUCTION
R
etinaldetachment(RD),definedastheseparationofthe
neurosensoryretinafromsubjacentretinapigment
epithelium,isacommoncauseofvisualimpairment
[1-3].
Photoreceptorcelldeathisanimportantmechanismofvision
lossafterRD.Deathreceptor-inducedapoptosisplaysa
criticalroleinphotoreceptorcelldeath,whichisassociated
withcaspaseactivation.Evidencesalsoshowedthatcaspase
inhibitorlikez-VAD-FMK(apancaspaseinhibitor)failedto
preventcelldeathorneuronalfunctionaldamage
[4-6].
Necroptosisisarecentlydiscovered,caspase-independent,
regulatedcelldeath
[4-7].Receptorinteractingproteinkinase
(RIP1),adeath-domaincontainingkinase,isspecifically
involvedinregulatingnecroptosis
[5,8].Autophagy,another
caspase-independentprocess,isconsideredasaclean-up
mechanismforcelldeath
[5].Autophagycanalsobeactivated
duringnecroptosis,andisdirectlyassociatedwiththe
conversionofthemicrotubuleassociatedprotein,LC-3Ito
LC-3II (abio-markerofautophagy)
[5,9-12].Trichonas
[13]
reportedforthefirsttimethatRIP1mediatedRD-induced
necroptosisandz-VAD-FMKwouldshiftphotoreceptor
deathfromapoptosistonecroptosis.Nonetheless,itremains
unknown, whether autophagycanbeactivatedin
photoreceptornecroptosis,andwhetherNecrostatin-1,a
745specificinhibitorofnecroptosis,canalsoinhibitautophagy
inductionafterexperimentalRD.
Herewehypothesizedthatphotoreceptornecroptosisinduced
byz-VAD-FMKwasinvolvedtheactivationofautophagy
andNecrostatin-1protectedphotoreceptorsfromnecroptosis
andautophagy,whichwasmediatedbydown-regulationof
RIP1phosphorylationandLC-3II
[14].Wefirsttestedthe
hypothesisbytransmissionelectronmicroscope(TEM),
whichwasperformedtoinvestigatewhethernecroptosis
inducedbyz-VAD-FMKwasinvolvedtheactivationof
autophagy.Wethenaddressedwhetherz-VAD-FMKinduced
RIP1phosphorylation(abio-markerofnecroptosis)and
LC-3IIinductionbyWesternBlotting,whichtriggered
activationofnecroptosisandautophagy
[8].Finally,itwas
investigatedwhetherNecrostatin-1treatmentinhibitedRIP1
phosphorylationandLC-3IIinduction.Theresultsofthis
studywouldfirstlyprovidenewevidencethatautophagywas
activatedinz-VAD-FMK-inducedphotoreceptornecroptosis
andNecrostatin-1notonlyinhibited photoreceptor
necroptosisbutautophagy,whichmaybeapromising
combinedtherapeuticdirectionagainstneuronaldamagein
RD.
MATERIALSANDMETHODS
Surgical Induction of Retinal Detachment All
experimentswereperformedinaccordancewiththeARVO
StatementfortheUseofAnimalsinOphthalmicandVision
ResearchandtheguidelinesestablishedbytheUniversity
CommitteeonUseandCareofAnimalsoftheShanghai
JiaoTongUniversityandAnhuiMedicalUniversity.All
animalexperimentswereconductedwiththeapprovalofthe
AnimalResearchCommittee,SchoolofMedicine,Shanghai
JiaotongUniversityandAnhuiMedicalUniversity.Male
Sprague-Dawleyrats ( =120)weighing260-280gwere
providedbytheLaboratoryAnimalCenteroftheShanghai
FirstPeople'sHospital,SchoolofMedicine,Shanghai
JiaoTongUniversity.ExperimentalRDwasinducedas
describedpreviously
[2,15,16].Briefly,theratswereanesthetized
withanintraperitonealinjectionof10%chloralhydrateand
theirpupilsweredilatedwith0.5%tropicamideand0.5%
phenylephrinehydrochlorideeyedrop(ChinaSanten
Pharmaceutical,Jiangsuprovince,China).Asubretinal
injectorwith30-gaugeneedlewasinsertedintothesubretinal
spaceviaanexternaltrans-scleraltrans-choroidalapproach.
Thesubretinalinjectorwasconnectedtoasyringeand1%
sodiumhyaluronate(Bausch&LombFreda,Jinan,Shandong
province,China)wasgentlyinjectedintothesubretinalspace
toenlargeRD(50 滋Leach)
[17].Inaddition,vehicle(dimethyl
sulfoxide,DMSO),a300 滋mol/Lsolutionofz-VAD-FMK
(availablefromEnzo,PA,USA),orz-VAD-FMKcombined
withNecrostatin-1(400 滋mol/L,availablefromMerck,
Darmstadt,Germany)wasgentlyinjectedintothesubretinal
spacetoenlargeRD(5 滋Leach).Thedoseofcompoundwas
selectedbasedonpreviousstudies
[5,13,18,19].RDwascreated
onlyintherighteyeofeachanimal,withthelefteyeserving
asacontrol.Thiswasconfirmedbysurgicalmicroscopein
everyanimal.
TransmissionElectronMicroscopePhotomicrographsin
theOuterNuclearLayer(ONL) Asdescribedpreviously
[2],
threedaysafterRD,TEMwasperformed.Briefly,theeyes
remainedimmersedin4%glutaraldehyde (0.1mol/L
phosphatebuffer,pH7.4)for24hat4 ℃.Thedetached
retinaswereremovedandpost-fixedin1%osmiumtetroxide
(0.1mol/Lsodiumphosphatebuffersolution,pH7.2),
dehydratedinethanolandwater,andembeddedinEponate.
TheretinawasphotographedbyaJEM-1200EXelectron
microscope(JEM,Tokyo,Japan).Theapoptoticandnecrotic
cellnumbersinONLwerecalculatedfrom6eyes.Five
sectionswererandomlyselectedineacheye.Foreach
sample,about200photoreceptorswerephotographedand
subjectedtoquantificationofcelldeathmodesinamasked
fashion.Then,thepercentageofapoptoticandnecroticcells
wascalculated.Photoreceptorsshowingcellularshrinkage
andnuclearcondensationweredefinedasapoptoticcells,
whereasphotoreceptorsassociatedwithcellularandorganelle
swellinganddiscontinuitiesinplasmaandnuclearmembrane
weredefinedasnecroticcells.Electrondense granular
materialswerelabeledsimplyas end-stagecell
death/unclassified
[13,20,21].
ImmunoprecipitationandWesternBlotting Asprevious
studydescribed
[1,13,22],theneuralretinawascollectedonthree
daysafterRD.Equalamountofretinallysates(1mg)were
incubatedwith1滋 L (1mg/mL)anti-RIP1antibody(Cell
SignalingTechnology,Boston,MA,USA)and40 滋Lof
proteinA/Gagarosebeads(BeyotimeInstituteof
Biotechnology,Jiangsuprovince,China),accordingtothe
manufacturer’ sinstructions,at4 ℃overnight.Beadswere
washed5timeswithTris-bufferedsalinesolutionandthe
immunopelletswerethensubjectedtoWesternblotting.
Sampleswererunon8%sodium dodecylsulfate-
polyacrylamidegelelectrophoresis.Afterelectrophoretic
separation,theproteinsweretransferredtonitrocellulose
membranes(Whatman,Maidstone,UK).Thenitrocellulose
membranewasblockedbyincubationwith5%bovineserum
albuminintris-bufferedsalineandtween(TBST)(0.02%
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Tween-20inTris-bufferedsaline,pH7.4)for2hatroom
temperature.Afterblocking,themembranewasreactedwith
RIP1(1:1000,CellSignalingTechnology),phosphoserine(1:
100,Enzo),LC-3(1:500,SantaCruzBiotechnology,CA,
USA)antibodyorcaspase-8 (1:1000,ProsciIncorporated,
USA), 茁-actin(1:1000,BeyotimeInstituteofBiotechnology,
JiangsuProvince,China)antibody.Membraneswerethen
washedthriceandincubatedwithhorseradish-peroxidase-
labelledsecondaryantibody(diluted1:5000inTBST,Santa
CruzBiotechnology)for2hatroomtemperature.Bandswere
visualizedby chemiluminescence (ECL,Amersham
PharmaciaBiotech,Piscataway,NJ,USA),accordingtothe
manufacturer'sinstructionsandwereexposedtoX-rayfilm.
ThedensityofthesignalwasquantifiedusingBandscan
software(Version4.3,Glyko,Inc.,Novato,CA).
StatisticalAnalysis Dataareexpressedasmean 依SD.
Assumingthatthedatameetnormaldistributionand
variancesareequal,theone-wayanalysisofvariance
(ANOVA)followedbyvalidationusingStudent-Newman-
Keulstestswasusedtoanalyzethestatisticaldifferencesin
westernblottingdensitometricdataandcellnumberamong
TEMassays.Analyseswereperformedbycomputer(SPSS
17.0forwindows,SPSSInc.,Chicago,IL,USA).Forall
comparisons,a valuelessthan0.05wasconsidered
statisticallysignificant.
RESULTS
z-VAD-FMKInducedNecroptosisinPhotoreceptors
AfterExperimentalRetinalDetachment z-VAD-FMK
inducednecroptosisinphotoreceptorswereobservedfrom
morphologicalchangebytransmissionelectronmicroscopy.
Themorphologyofphotoreceptors,inducedbycaspase
inhibitorswasmoreinlinewithcharacteristicsof
necroptosis,whichcharacterizedbychromatincondensation,
lossofplasmamembraneintegrityandmany
autophagosomes(Figure1A).OnthethirddayafterRD,the
transmissionelectronmicroscopyshowedthatpercentageof
necroticcells(22.10%依0.78%)increasedinz-VAD-FMK
treatedretinacomparedwiththevehicletreatedretina
(17.04%依0.81%),butpercentageofapoptoticphotoreceptor
death (11.28%依0.66%)decreasedinz-VAD-FMKgroup
comparedwiththevehiclegroup(20.98%依1.33%)afterRD
( =6,pergroup, <0.01)(Figure1B).TEMresults
confirmed z-VAD-FMK induced necroptosisin
photoreceptorsafterexperimentalRD.
Figure1InvolvementofautophagosomesformationinnecroptosisduringRD-inducedphotoreceptornecroptosiswereobservedby
TEMinthreegroups (DMSO,z-VAD-FMKandz-VAD-FMKcombinedwithNecrostatin-1groups) A:Representative
photomicrographsofTEMshowedautophagyintheONLonthethirddayafterRDintheretina(A:Apoptoticcell;N:Necroticcell).
Autophagyformationcouldbevisualizedinz-VAD-FMK-treatedgroup,whichwasbyfarthemostconfirmativeanalysisforautophagy.B:
QuantificationofnecroticandapoptoticphotoreceptordeathafterRD.z-VAD-FMKtreatmentincreasedthepercentageofnecroticcellsand
decreasedapoptoticphotoreceptordeathafterRDcomparedwithDMSOtreatedcontrolgroups.z-VAD-FMKcombinedwithNecrostatin-1
substantiallyledtoadecreaseinbothformsofcellloss.Atthesametime,autophagyformationwassignificantlyinhibited( =6,pergroup,
asterisksindicated
a <0.01;Scalebar,2滋 m).
747LC-3 (II)andAutophagosomesInductionwasInvolved
inz-VAD-FMK-inducedPhotoreceptorNecroptosis
AfterExperimentalRetinalDetachment Recentlystudies
discoverednecroptosissignalingcouldactivateautophagy,
consideredasasecondarymarkerofnecroptosis
[11].Besides
theconsistentresultsofnecroptosisactivationafter
interferenceofz-VAD-FMK,the transmissionelectron
microscopyshowedz-VAD-FMKtreatmentinduced
necroptosis withevocativeofautophagy,which was
characterizedbyextensivevacuolization(Figure2A).The
autophagicactivationbiomarkerLC-3II,analyzedbywestern
blotting,increasedaccordinglythreedaysafterRD(Figure2B).
ThesedatashowedthatinductionofLC-3IIand
autophagosomeswasinvolvedinz-VAD-FMK-induced
photoreceptornecroptosisafterexperimentalRD,which
indicatedautophagyactivation.
Up-regulationofRIP1PhosphorylationwasMediated
byCaspase-8Inhibitioninz-VAD-FMK-induced
PhotoreceptorNecroptosis RIP1phosphorylationisakey
earlysignalingeventinnecroptosis
[9,23].Wetestedwhether
z-VAD-FMKinhibitedcaspase-8activation.Westernblot
densitometricanalysisdemonstratedthatcaspase-8activation
wassignificantlyinhibitedinz-VAD-FMK-treatedretina
comparedwithDMSO-treatedretinaonthreedaysafterRD
induction(=6,pergroup, <0.01)(Figure3A).Next,to
furtherexplorethenecroptosisinductionmechanismof
actionofz-VAD-FMKinexperimentalRD,wetested
whetherz-VAD-FMKpromotedRIP1phosphorylationby
immunoprecipitation.ThreedaysafterRD,RIP1
phosphorylationwaselevatedinz-VAD-FMKtreatedretina
comparedwithDMSO-treatedretina(Figure3B).
Theseresultsshowedthatup-regulationofRIP1
phosphorylationwasmediatedbycaspase-8inhibitionin
z-VAD-FMK-inducedphotoreceptornecroptosisafter
experimentalRD,whichindicatednecroptosisactivation.
Necrostatin-1InhibitedPhotoreceptorNecroptosisby
RIP1PhosphorylationandLC-3IIDown-regulation
Necrostatin-1,anRIPK1allostericinhibitor,hasbeenproved
asapotentandselectiveinhibitorofnecroptosis
[9].Wethen
assessedtheinhibitioneffectofcelldeathusingNecrostatin-1
afterRD. Necrostatin-1combinedwith z-VAD-FMK
substantiallyledtoadecreasebothinapoptosisand
necroptosisformsofcellloss(14.10%依0.41%necroticcells,
10.98%依0.35%apoptoticcells)comparedwithz-VAD-FMK
Figure2Necrostatin-1inhibitedautophagosomesformationandtheactivationofautophagymarkerLC-3IIinphotoreceptor
afterexperimentalRD A:z-VAD-FMKtreatmentinducednecroptosiscelldeathwithevocativeofautophagy,andwascharacterizedby
extensivevacuolization(whitearrowhead);B:Necrostatin-1combinedwithz-VAD-FMKtreatmentinhibitedtheinductionofLC-3II
comparedwithz-VAD-FMK-treatedgroups(asterisksindicated
b <0.01;Scalebar=1 滋m).
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andDMSOtreatedgroup(=6,pergroup, <0.01;Figure
1B).Atthesametime,autophagyformationinducedby
z-VAD-FMKwassignificantlyinhibitedbyNecrostatin-1
(Figure1A).Itwasfurtherdiscovered,byanalysisofRIP1
andLC-3II expression,Necrostatin-1 combinedwith
z-VAD-FMK treatmentsubstantiallyinhibited RIP1
phosphorylation(Figure3B)andLC-3(II)induction(Figure
2B)comparedwithz-VAD-FMKtreatedgroup.Theseresults
demonstrated Necrostatin-1could down-regulateRIP1
phosphorylationand LC-3IIin z-VAD-FMK-incuded
photoreceptornecroptosisafterexperimentalRD,which
suggestednecroptosisandautophagyinhibition.
DISCUSSION
Incurrentstudy,TEMandwesternblottingresultsfirstly
indicatedthatnecroptosisinducedbyz-VAD-FMKwas
involvedtheLC-3IIandautophagosomesinduction,which
indicatedautophagyactivation.Itwasalsoprovedby
immunoprecipitationandwesternblotting,thatup-regulation
ofRIP1phosphorylationinz-VAD-FMK-induced
photoreceptornecroptosiswasmediated bycaspase-8
inhibition,whichtriggeredactivationofnecroptosis.Wealso
discoveredNecrostatin-1couldinhibitRIP1phosphorylation
andLC-3IIinduction.Theresultsofthisstudyforthefirst
timeprovidedevidencethatphotoreceptor necroptosis
inducedbyz-VAD-FMKwasassociatedwiththeactivation
ofautophagyandNecrostatin-1couldinhibitphotoreceptor
necroptosisandautophagybydown-regulationofRIP1
phosphorylationandLC-3II.
Caspasesactivation-inducedapoptosispreviouslyhavebeen
showntoplayacriticalroleinRD,butcaspasesinhibitionby
z-VAD-FMKfailedtopreventphotoreceptordeath
[17,24-26].In
thisstudy,themorphologicchangeinducedbyz-VAD-FMK
wasassessedbyTEM,whichcouldprovideimportantresults
notobtainableatthelightmicroscopiclevel.Besidesthe
classic characteristicsofnecroptosis: chromatin
condensation,lossofplasmamembraneintegrityandmany
autophagosomes,theultrastructurechangeofautophagywas
alsoobservedinourstudy
[4,5,8,27].Altogether,theseresults
confirmedthatz-VAD-FMK treatmentcouldinduced
necroptosisinphotoreceptors,whichexplainedwhy
z-VAD-FMKtreatmentprovidedpartialprotectiontoavoid
retinalcellsdeath.
Figure3z-VAD-FMKpromotedRIP1phosphorylationbyinhibitingcaspase-8activation A:Increasesincaspase-8activationafter
RDandtheinhibitionofthisinductionbyz-VAD-FMK.Quantificationanalysisofcaspase-8activationdemonstratedasignificantlydecrease
inthez-VAD-FMK-treatedretina(0.15依0.02)comparedwithDMSO-treatedretina(0.79依0.02)( =6,pergroup,asterisksindicated
b <0.01).
B:ImmunoprecipitationandWesternBlottingexpressionforRIP1phosphorylationfromcontrolgroup,z-VAD-FMKandDMSO-treated
groupsthreedaysafterRD.QuantificationanalysisofRIP1phosphorylationdemonstratedasignificantlyincreaseinthez-VAD-FMKtreated
retina(0.64依0.03)comparedwithDMSO-treatedretina(0.22依0.01).Necrostatin-1combinedwithz-VAD-FMKtreatmentsubstantially
inhibitedthiselevatedRIP1phosphorylation( =6,pergroup,asterisksindicated
b <0.01).
749TheworkofTrichonas
[13] hashighlightedthe
importanceofnecroptosisafterRD.Similartotheirworkwe
also showed z-VAD-FMKtreatmentinducedRIP1
phosphorylation,whichindicatednecroptosisactivation.
PreviousstudiesdiscoveredRIP1phosphorylationisakey
earlysignalingeventinnecroptosiswhichcanbeinactivated
bycaspase-8
[23].Asapan-caspaseinhibitor,z-VAD-FMK
surelycaninhibitcaspase-8activation.Soweexplored
furthertheeffectofz-VAD-FMKonRIP1phosphorylationin
thisRDmodel.Ourresultsdemonstratedz-VAD-FMKnot
onlyinhibitedcaspase-8activationbutalsopromotedRIP1
phosphorylationcomparedwithDMSO-treatedretina( <0.01).
Theseresultsfirstindicatedthatz-VAD-FMKledtopromote
RIP1phosphorylationbyinhibitingcaspase-8activation
(Figure4).
Autophagy,alarge-scaleproteindegradationandcatabolic
mechanism,hasbeenimplicatedincaspase-independentcell
death
[5,28,29].Recentlystudiesshownecroptosissignalingcan
activateautophagy
[5,11].Soitremainedunknownwhether
necroptosisinducedbyz-VAD-FMKinvolvedtheactivation
ofautophagy.Therefore,weassessedtheautophagy
activationbyTEM.Sincetheautophagyisdirectlyassociated
withtheconversionofthemicrotubuleassociatedprotein,
LC-3ItoLC-3II,andtheinhibitionofLC-3IIhasbeenshown
tocausereductioninautophagy,wealsofurthertested
autophagymarkerLC-3IIexpressionbywesternblotting
[5,18].
Ourdatashowedthat,onthreedayafterRD,z-VAD-FMK
treatmentinducedcelldeathwithevocativeofautophagy,
whichwascharacterizedbyextensivevacuolization.Along
withnecroticphotoreceptorincreasing， therewasan
elevationofLC-3IIexpressionaccordingly.Thesedataall
firstsuggestedtheactivationofautophagymarkerLC-3II
wasinvolvedinz-VAD-FMKinducednecroptosisafterRD.
Necrostatin-1,anRIPK1allostericinhibitor,hasproventobe
ableleadtoadecreaseinbothapoptosisandnecroptosis
formsofcelllossifcombinedwithz-VAD-FMK
[5,13].More
important,ourresults,forthefirsttime,furtherconfirmed,in
additiontotheinhibitionofnecroptosisbyNecrostatin-1,at
thesametime， autophagyformationwasalsosignificantly
inhibited.Rosenbaum
[18] reportedsimilarfindingsina
modelofretinalischemia.Theyfoundthat,pretreatmentwith
z-VAD-FMK,Necrostatin-1inhibitednotonlynecroptosis
butautophagyandimprovedfunctionaloutcome.Ourdata
furtherexplainedthiscelldeathandprotectionprocess:
Necrostatin-1treatmentprovidedsignificantprotectionof
photoreceptorsbysimultaneous inhibitionofRIP
phosphorylationandLC-3IIinduction,whichindicated
simultaneousinhibitionofnecroptosisandautophagy.
However,thefunctionalroleofautophagystillremainsa
subjectofdebate.Besirli
[24] discoveredautophagy
activationwascontrolled,inpart,byFas-receptoractivation
andpreventedphotoreceptorsfromapoptosis.Cai
[30]
demonstratedtheactivatedautophagyplayedaprotectiverole
againstpalmitate-inducedhepatocytesapoptosis.Onthe
contrary,itwasalsoreportedthattheinvolvementof
autophagyinnecroptosisfurtherreinforcetheprocessofcell
death,whichindicatesthepossibilitythatautophagymaybe
aclean-upmechanismforcelldeath
[31-33].Owen
[34]
foundthatinhibitionofautophagyresultedinincreased
bacterialsurvival.Degterev
[5] furthershowedautophagy
wasadownstreamofnecroptosissignalingpathway.The
resultsinourobservationsuggestedthattheactivationof
autophagymarkerLC-3IIwascontrolledbynecroptosis
signaling,whichindicatedautophagyinvolvedinnecroptosis
alsocontributedtocelldamage.Althoughtheautophagyis
directlyassociatedwiththeconversionofLC-3ItoLC-3II,
autophagyisaverycomplicatedandfineregulatedprocess,
therefore,wewillfurtherlookatadditionalmarkerssuchas
autophagyassociatedgene(Atg)7,5,12,beclin-1 in
z-VAD-FMK-induced photoreceptor necroptosisinthe
future.
Therearesomelimitationstothisstudy.Thesamplenumber
oftheexperimentalRDmodelswasnotlarge.Thisstudywas
designedtoonlyinvestigatethreedayschangesafterRD.
Figure 4 The mechanism of up-regulation of RIP1
phosphorylationandLC-3IIinz-VAD-FMK-induced
photoreceptornecroptosis.Whencellsundergotumornecrosis
factor (TNF)-inducedapoptosis,RIP1phosphorylationis
inactivatedbycaspase-8.Caspaseinhibitor,z-VAD-FMK,
canswitchthedeathreceptorinducedapoptoticresponseto
necroptosisbyinhibitioncaspases-8activationandup-
regulationRIP1phosphorylation.ThenRIP1phosphorylation
caninducetheactivationofautophagymarkerLC-3IIbya
currentlyunknownpathway.
Photoreceptornecroptosisandautophagy
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Furtherresearchisneededtoelucidatethelong-termeffect.
The evidencethat whether Necrostatin-1could
down-regulateRIP1phosphorylationandLC-3IIwhengiven
afterRDwasnotprovided.
Insummary,wediscoverednecroptosisinducedby
z-VAD-FMKisassociatedwiththeautophagosomes
formationandactivationofautophagymarkerLC-3II.
Necrostatin-1reducedphotoreceptorsfromnecroptosisand
autophagybyinhibitionofRIP1phosphorylation(necroptosis
marker)andLC-3IIinduction(autophagyactivationmarker).
Autophagycooperatedwithnecroptosis,exacerbatethecell
damageafterRD,whichmaybeapromisingcombined
therapeuticdirectionagainstneuronaldamageinRD.But,it
stillremainsunknownhowautophagyisactivatedin
necroptosispathway,thus,futurestudies,exploringthe
relationshipbetweenautophagyandnecroptosis,are
necessary.
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